Absolute cross sections have been measured for the excitation of the NI
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The Center is supported by an Institutional Grant (NsG-416) from the National Aeronautics and Space Administration, strongly supplemented by grants from the A. W. Mellon Educational and Charitable Trust, die Maurice Falk Medical Fund, the Richard King Mellon Foundation and the Sarah Mellon Scaife Foundation. Much of the work described in SRCC reports is financed by other grants, made to individual faculty members. electron impact on atomic nitrogen. The X1134A and X1200A cross sections are large, reaching 1.8 x 10" 16 cm 2 and 2,3 x 10~1 6 cm 2 at their peaks, respectively. The magnitude of these cross sections is about a factor of two lower than the values reported previously by the authors, due to the discovery of a fault in the apparatus. The presence of vibrationally excited molecular nitrogen in the discharged gas is confirmed, and its effect on the measurements is discussed. The ratio of the oscillator o o strengths of the X1200A and X1134A resonance transitions is measured to be 2.6-+ 0.3. The branching ratio for the NI(X1311A/Xll64A) multiplets is measured to be 2.8 + 0.3. Striking differences in the distribution of intensity between the spectra of atomic nitrogen and molecular nitrogen excited by energetic electrons suggest an optical method for measuring the density of atonic nitrogen in the upper atmosphere, INTRODUCTION Radiation from atomic nitrogen in the vacuum ultraviolet is commonly observed in gas discharges, in the polar aurora, snu in the terrestrial alrglow. The extent to which these emissions are due to each of several processes (electron Impact on atomic nitrogon. electron Impact dissociation of molecular nitrogen, photodissoclation of molecular nitrogen, etc.) is not known, due l.n part to the fact that many of the relevant cross sections have not been measured. Knowledge of all the electron-impact excitation cross sections would be an important contribution to the understanding of these natural and laboratory phenomena, and would also provide a tool for analysis of the composition of the upper atmosphere.
Cross sections for dissociative excitation of N p by electron Impact have been measured by several investigators 1 " 3 and are now fairly well established. Cross section measurements for direct excitation of atomic nitrogen by electron Impact have been reported only in previous work by the authors'*" 7 . In this paper we wish to revise values previously given and to report the completed work. We also suggest a means of measurement pf |: the atomic nitrogen density in the upper atmosphere, based on these cross sections.
EXPERIMENTAL
The basic apparatus used in this experiment has been described in detail in an earlier paper 1 *. Only several important rr.c/diflcationr. to this system will be discussed here. The most important modification v,as the redesigning of the optically thin helium-discharge light source usel in the atomic density measurements. In order to be more certain that o the X1200A triplet of atomic nitrogen emitted by the lamp was optical thin, the new light source was formed as a pinched "T" (see Figure 1 ).
High purity helium flowed through the discharge region at a pressure of about 0.15 torr, and a trace of nitrogen was added through a leak valve.
The axis of the RP discharge was perpendicular to the optical axis 'of the experiment, and the discharge was constricted at the point of observation to provide a thin layer of excited atoms. The direction of the flow of gas was away from the monochromator, so that atoms produced were quickly swept out of the field of view. The new light source was found to be much more stable than the old one, so that it was possible to scan the o monochromator at high resolution slowly over the 1200A triplet to observe its profile. In the absence of self-reversal, the intensity ratio of the three lines should be 6:4:2. A sample scan of the triplet is shown in Figure 2 .
A new photomultiplier tube (EMR 541GX) which has a quantum efficiency about three times that of the old one was installed, thus improving the counting statistics significantly.
An attempt was made to use a constriction in the gas flow tube Just downstream from the dissociating discharge in order to increase the density of nitrogen atoms in the experimental region. While this technique worked well for an experiment with atomic oxygen it had no appreciable effect on the atomic nitrogen experiment, ana was not used.
The experiment was conducted as before, by counting photons with the discharge on and off, alternately. The counting period was 30 seconds in each mode, which was short enough to hold drifts in pressure and beam current to 1 or 2% at most. The difference In The relative spectral response of the optical system was determined by the method of molecular branching ratios, using the LBH band system of molecular nitrogen 10 and Lyman-band fluorescence in hydrogen deuteride. 11 * 12 For the resonance absorption measurement the i-elation between the absorption of light and the column density of the atomic gas was calculated from the formulas of Mitchell and Zeihansky. 13 The oscillator strength used was the mean of the values of Lawrence and"Savage 1 ** and of Lin, Parkes, and Kaufman, 15 giving f = 0,12, 0.08, and 0.0*1 for the o three lines of the^ 1200A triplet .The source and absorption lines were assumed to have pure Doppler profiles. The temperature of the light source was taken to be 400°C, and the temperature of the absorbing gas to be 320°C. The latter figure is based on the fact that the discharged gas is cooled by passage through 30 cm of room-temperature Pyrex tubing before entering the collision chamber, whose temperature is about 25°C above room temperature. The light source temperature was estimated as quite low for an RF discharge, since the discharge was very weak (barely visible to the eye). The pyrex tube in which the discharge took place remained only warm to the touch, requiring no special cooling. o o It was assumed that the AllS^A and X1200A signals produced in direct excitation of N atoms were subject to resonance absorption within the collision chamber, but that the same emissions produced in dissociative excitation were not, due to the very broad Doppler profiles for such excitation. We attempted to estimate the possible error incurred through this assumption, using examples of emission line profiles for dissociative excitation of metastable atoms calculated by Wells. 16 In the worst case o (X1200A, high gas density, relatively slow atoms) the cross section reported here would be too high at 100 eV by about 1% relative to Its value at dissociative threshold. In all likelihood the true correction is nuch smaller.
The cross sections reported in this paper for the excitation of atomic nitrogen are more than a factor of two below those that we have reported previously. This revision reflects the discovery of a irzrifunrtf?r.
in a now-discarded electronic counter that was used during the resonance- However, there is evidence of vibrational excitation of the ground . N 2 (X 1 E) state. We observe changes in photon emission rates in the Np(a x n -X X E) LBH band system when the discharge is turned on, indicating ' that the apparent cross sections for excitation to the various vibrational levels of the upper a 1 !! state are altered by the discharge. Table-I   Indicates the The presence of the vibrationally-excited ground state molecules Implies that there will be a weak onset of dissociative excitation with the discharge-on at one or two electron volts lower energy than the '• threshold for dissociative excitation with the discharge off.; 'This -will tend to exaggerate the height of apparent atomic cross sections in the energy range 16 -40 eV, particularly where the atomic signal is small'.
We are not able to assess quantitatively the effect of such an early threshold on our atomic cross sections, and have not attempted to correct for it. The fact that the observed cross sections rise rapidly to a peak from the expected threshold for direct excitation argues that the early dissociation effect accounts only for a small part of the total. ;. of the data. Note that the X1200A excitation function shape differs slightly from that reported previously. 14 The absolute values of the-peak cross sections and the estimated total probable errors at the peak-foro o these transitions and those at 1161JA and 1168A are summarized in Table II. Contributing to the estimated errors are a number of factors: (1) the statistical error in the photon count rate, generally 1055 or less, (2) statistical error in the measurement of atom density in the collision region, They are calculated on the assumption that the spatial distribution of the excited radiation is isotropic (the radiation is observed at right angles to the electron beam), This assumption is Justified only when tho> upper state of the transition is an S state; hence the NI cross sections are subject to revision if the radiation is eventually determined to be strongly anisotropic. Table II also Table II , for example, illustrates the point amply. A review of available flight instrumentation shows that atomic nitrogen concentrations as low as 10 5 atoms/on 3 can be measured in this manner. The presence of molecular nitrogen does not affect the atomic measurements because the energy spectrum of the exciting electrons is controlled so-that the experiment clearly discriminates between the atomic and molecular excitation channels, 
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